Per Executive Order 13031, "Federal Alternative Fueled Vehicle Leadership," the U.S. Department of Energy's (DOE's) Advanced Vehicle Testing Activity provided $998,300 in incremental funding to support the deployment of 220 electric vehicles in 36 Federal fleets. The 145 electric Ford Ranger pickups and 75 electric Chrysler EPIC (Electric Powered Interurban Commuter) minivans were operated in 14 states and the District of Columbia. The 220 vehicles were driven an estimated average of 700,000 miles annually. The annual estimated use of the 220 electric vehicles contributed to 39,000 fewer gallons of petroleum being used by Federal fleets and the reduction in emissions of 1,450 pounds of smogforming pollution.
Twenty-four of the 25 fleets responded that the electric vehicles were easy to use and 22 fleets indicated that the payload was adequate. Thirteen fleets reported charging problems; eleven fleets reported no charging problems. Nine fleets reported the vehicles broke down while driving; 14 fleets reported no onroad breakdowns. Some of the breakdowns while driving, however, appear to include normal flat tires and idiot lights coming on.
In spite of operation and charging problems, 59% of the fleets responded that they were satisfied, very satisfied, or extremely satisfied with the performance of the electric vehicles. As of September 2003, 74 of the electric vehicles were still being used and 107 had been returned to the manufacturers because the leases had concluded. 
BACKGROUND
Section 6 of Executive Order 13031, "Federal Alternative Fueled Vehicle Leadership," mandated that the U.S. Department of Energy (DOE) provide Federal fleets with incremental funding to support the purchase or lease of electric vehicles. As a result, DOE's Advanced Vehicle Testing Activity provided $998,300 in incremental funding to support the deployment of 220 electric vehicles in 36 Federal fleets (Figure 1) . The funding was used to pay for half of the incremental cost for an electric vehicle (that is, the difference between the electric vehicle lease cost and the General Services Administration (GSA) lease cost for the gasoline vehicle equivalent), up to a total of $10,000 per vehicle. The electric Ford Rangers and Chrysler EPICs (Electric Powered Interurban Commuter) were the only vehicle models leased as part of the Incremental Funding Project as they were the only electric vehicles available for leasing from vehicle manufacturers at the time. Table 1 gives the full names for each abbreviation.
DOE made the incremental funding available to the Federal fleets either through the Idaho National Engineering and Environmental Laboratory (INEEL), which manages these activities for the Advanced Vehicle Testing Activity, or through GSA. This allowed the Federal fleets that normally leased gasoline vehicles through GSA to also lease the electric Rangers and EPICs from GSA (100 vehicles), with the DOE providing the incremental funding directly to GSA. GSA, however, discontinued this option as of the last quarter of calendar year 2000. For Federal fleets that preferred to lease electric vehicles directly from Ford or Chrysler, the INEEL provided the incremental funding directly to the fleets (120 vehicles). 
REPORTING OBJECTIVE
The objective of this data collection effort was to gather accurate information from the 36 Federal fleets regarding their experience obtaining and operating the 220 electric vehicles. The data collected covered multiple areas: the leasing process, charging infrastructure; and, vehicle use, performance, problems, and maintenance. The entire set of questions used is presented in Appendix A. 
DATA COLLECTION PARTICIPANTS

DATA COLLECTION PROCESS
All 36 Federal fleets were contacted by phone or e-mail and were asked to fill out a questionnaire about the electric vehicles they had leased through the Incremental Funding Project. Unfortunately, some of the original contacts at many of the fleets were no longer available due to retirements and reassignments. Also, several fleets indicated that they were extremely busy supporting military operations in Iraq, and they would not be able to participate. Of the 36 fleets, responses were received from 25 (69% response rate), which covers 179 electric vehicles (115 Ford Rangers and 64 EPIC minivans).
Some fleets preferred to respond by e-mail, some by fax, and some preferred to respond by telephone. To maximize the response rate, the INEEL used the method preferred by the fleet. Many of the fleets were contacted numerous times by INEEL personnel in order to obtain the highest possible response rate (short of harassing the fleets).
FEDERAL FLEET RESPONSES
Charging Infrastructure
The Rangers and EPICs are equipped with onboard chargers. Their off-board infrastructure requirements consisted of intelligent connector stations and a connector (the plug). It appears that the connector infrastructure-to-vehicle ratio for the 220 vehicles was one-to-one. That is, one connector was installed for each vehicle. The responses received from 24 of the 25 fleets on using the charging plug were very positive. Only one negative response was received, stating that periodically the plug was difficult to connect ( Figure 2 ). The fleets were also asked to describe any additional times they charged the vehicles. The following comments were received from six of the fleets.
• When it was cold, the vehicles would be charged during the day on one of the two charging stations located in the sunshine 
Vehicle Use
Number of Drivers
Based on the responses received, multiple drivers were able to operate and obtain experience using the electric vehicles. Only two of the 25 fleets reported that their vehicles were only assigned to a single driver ( Figure 5 ). 
Drivers per Electric Vehicle
Annual Mileage of the Electric Vehicles
Twenty-four of the 25 fleets reported electric vehicle use for most of their vehicles in various formats, including: final odometer readings, total annual mileage per vehicle or per fleet, number of days used, and miles driven per day or per week. Since the miles driven for each vehicle was not collected or reported using a regimented data collection method, averages were calculated from the assorted data received from each fleet to estimate the number of miles that the electric vehicles were driven annually (Tables 2, 3 , 4, and 5). Miles driven was calculated for both vehicle models. The electric Ford Rangers were driven annually an average of 3,156 miles per vehicle, for an extrapolated 145-vehicle total of 457,620 miles annually. The EPICs were driven annually an average of 3,239 miles per vehicle, for an extrapolated 75-vehicle total of 242,925 miles annually. The entire fleet of 220 electric vehicles is estimated to have been driven 700,545 miles annually. (The average miles driven per vehicle for each model are well within the bounds of electric vehicle use that the authors have encountered previously). The 64 Ford Rangers already returned to the manufacturer (Table 2) were each driven a weighted average of 2,174 miles annually while the 29 Rangers not yet returned to the manufacturer (Table 3) were each driven a weighted average of 5,322 miles annually. The reason for the twice as high average annual mileage for the not yet returned Rangers is unknown. The annual average mileages for the EPICs returned (Table 4) and not returned (Table 5) 
Average Daily Trips and Distances Traveled
According to 22 of the fleets, the average number of trips made in each vehicle varied from 1 to 8 trips per day ( Figure 6 ). Note that the U.S. Postal service provided the "City Driving" category. . Average distance each vehicle was reported driven per charge, for the 84 vehicles for which distances were reported.
Temporary Replacement Vehicles
Twenty of 24 fleets reported sometimes using nonelectric vehicles in place of electric vehicles due to the limited range of the electric vehicles (Figure 8 ). The following comments were received as reasons for using a nonelectric vehicle to accomplish a mission: 
Additional Use of Non-electric Vehicles
Vehicle Performance
When asked, 24 of 25 fleets reported that the electric vehicles were easy to operate ( Figure 9 ). Number of Fleets Figure 9 . Number of fleets that indicated electric vehicles were easy or not easy to operate.
The fleets were asked if they thought their electric vehicle(s) could carry adequate payload. Twentytwo of 24 fleets believed that their electric vehicles could carry adequate payloads for the missions they were assigned (Figure 10 ). 
Problems Encountered
Twenty 
Mechanical Problems and Nonpropulsion Battery Problems
The mechanical and nonpropulsion battery problems reported by the fleets are listed below. Unless stated otherwise, one fleet reported each problem: 
Traction Battery Problems
Twelve of 21 fleets reported running out of battery charge while operating their electric vehicle(s) (Figure 13 ). It is unknown if the battery charge depletions were caused by unexpected decreases in vehicle range or drivers attempting to drive beyond the vehicles' known capabilities. • The EPIC had a recurring problem with the battery pack overheating, which caused the vehicle to shut down while operating.
Charging Problems
Thirteen of 24 fleets reported having problems charging the electric vehicles (Figure 14) . • Vehicle would not take or maintain a charge at times (2 fleets).
Driving Problems
Nine of 23 fleets reported that their vehicle(s) broke down during use ( Figure 15 ). • The EPIC had a recurring problem with the battery pack overheating, which caused the vehicle to shut down while operating.
Electric Vehicles Breaking Down While Driving
Other Problems
Below is a list of other problems that the fleets had with their electric vehicles. Unless denoted otherwise, one fleet reported each problem: • As the vehicle aged, the range of the vehicle per charge got shorter (4 fleets) • Occasionally, the vehicle was driven beyond their capable SOC (state of charge) range (2 fleets) • Driver's seat belt would not retract • Contract repairs were not performed in a timely manner.
Maintenance
This section covers the reported scheduled and unscheduled maintenance of the electric vehicles.
Scheduled Maintenance
The questionnaire asked what types of scheduled maintenance were required for the electric vehicles and if the fleets had to pay for any of this maintenance.
Seventeen of the 25 fleets indicated that all scheduled maintenance was performed by the manufacturers under warranty and there were no out-of-pocket expenses incurred by the fleets.
The responses for the remaining eight fleets were not clear. Generally, they indicated that they did not have scheduled maintenance performed, they performed their own scheduled maintenance, or the scheduled maintenance was taken care of by the Potomac Electric Power Company for GSA and some other fleets.
The fleets reported the following scheduled maintenance was conducted:
• Vehicles were serviced as needed-the only place to service an electrical vehicle is a 540 miles round trip
• Recalls from the factory that needed to be done • The only scheduled maintenance performed on site was operator maintenance, i.e., tire, battery, fluid level checks, etc.
• Three thousand-mile checkup • Update vehicle's software.
Unscheduled Maintenance
The following is a list of unscheduled maintenance reported by the fleets. Several of the reported maintenance needs are not electric vehicle specific. If the fleet reported any maintenance costs they were responsible for, the amount of the cost is in parenthesis: 
Lease Status and Replacement Vehicles
Based on the responses received for the 179 vehicles, 60% have been returned to the manufacturers. There will be 25 vehicles returned during the fourth quarter of 2003, and the 49 remaining vehicles will be returned during the first quarter of 2004.
Lease Renewal
In response to the question whether or not the fleets had tried to or were going to try to renew their leases, 17 fleets said no, six said yes, and two were unsure at the time. Of those that tried to renew their lease, 2 were successful (Figure 16 ). We started inquiring about renewing or extending the lease 1 year out. It sounded like there would be no problem, but in the end we received less than 2 weeks notice that the decision was not to renew. GSA and Ford offered very little help.
Lease Renewal Attempts and Success
The following comments were received when the fleets were asked what reason the manufacturer or dealer gave for not renewing the lease:
• We were so satisfied with the 14 electric vehicles that we extended the 3-year lease for another year. Ford legal people signed this 4th year extension and the USDA did also. Ford Motor Credit advised me after both parties had signed the 4th year lease that they would not repair any electric vehicle that went down because of a battery pack failure. Rather, they would remove the vehicle from our fleet. I said fine, but would Ford replace any and all vehicles that were removed from the lease with another electric vehicle or regular gas-powered pickup? They said they would get back to me on my request. • GSA informed us that the lease would not be extended
• We, the consumer, do not want to renew the lease, because of the trouble of the vehicle holding its charge.
Future Replacement Vehicles
Ten of 21 fleets are planning on replacing their electric vehicles (Figure 17 ) with another vehicle type (Table 6 ), ten will not replace the electric vehicles, and 1 fleet is unsure. 
User Comments
This section presents the comments received from the fleets.
Leasing Another Electric Vehicle
The fleets were asked if they would lease another electric vehicle to replace the one(s) they had. Nine of 22 fleets responding said that they would replace their current electric vehicle(s) with another electric vehicle, if possible. The following comments were received about leasing another electric vehicle: • Yes, depending on the cost, availability, and accessibility to service, and assuming that a similar warranty is available. At present, the nearest qualified Ford electric vehicle dealer is 180 miles away, which causes additional lost time because the unit must be transported to and from the dealer
• If the cost were reasonable and the technology improved, yes. We are not sure if the nickel metal hydride is the best option
• Too many problems with charging.
Expanding the Use of Electric Vehicles
The fleets were asked if they would expand their use of electric vehicle(s) if additional vehicles were available; eleven responded yes, fourteen responded no. Following is a list of comments received: 
Feelings about Electric Vehicles
The fleets were asked if they were happy with their electric vehicle(s); 19 fleets responded yes; 6 fleets responded no. The following comments were received:
• When it ran trouble free, we were happy. When the wrench came on, it cost us time and money to haul the truck to the nearest dealer, which was about 100 miles away, and they had the vehicle for an extended length of time. This is when we forgot about being happy about the vehicle. It is understandable that vehicles need repairing, but as little as we used the truck and as much time as it was in the shop for apparently the same problem, it was crazy
• Fine for travel within the park to supervise projects
• As long as we were able to keep them operating • Initially, the users were very satisfied with the performance. However, as time went by, significant charges were incurred by the organizations that have these vehicles. One example is that the battery packs are no longer under warranty. A couple of our organizations have reported that they have had to pay upward of $4,800.00 for new battery packs. Finally, the regional Ford dealership who provided these 19 vehicles is located over 100 miles away (a 2-hour drive) from the Laboratory.
When we had problems with the vehicles, they had to be towed in, and often the organization was without their vehicle for several weeks. One organization reported: "per my conversation with Louie at (specific Ford dealer) on 04-14-03, the truck has not been worked on to date, but will be checked out on 04-14-03. The price could be zero, or up to $4,800.00 if the battery pack needs replacing"
• The electric vehicles require less maintenance than gasoline-powered vehicles
• Range issues are the biggest problem
• Yes, very happy • As indicated above, the function to which this unit was assigned was ideal for an electric vehicle. It involved light loads for short trips, within a small operating radius. Plus, the vehicle routinely returned to the charging station location during the day, so the charge could be "topped off"
• The leased electric vehicles did help us meet the Executive Order (Greening the Government), DOE Alternative Vehicle Usage requirements, and the Federally mandated fuel reduction of Government Fleets • Vehicle will not accept or maintain a charge. When the vehicle was out of service, it was gone at least one week and frequently more than that. The vehicle is used daily, so it is hard to have it gone so much. Dealer had one mechanic who could work on it
• With reservations!
• Until we started having problems
• The battery charge is very unreliable. We never know if we can make it back to the charging station. It will sometimes show a good charge then drop suddenly. At present we are getting only about 12 miles between full charge and depletion.
Recommending Electric Vehicles to Others
The fleets were asked if they would recommend electric vehicle(s) to others; 16 fleets responded yes; 9 fleets responded no. The following comments were received from the fleets regarding recommending electric vehicles to others: The service from the batteries is not sufficient.
Satisfaction Scale
The fleets were asked on a scale of 1 to 5, if they were satisfied with the performance of their electric vehicle(s). The majority of the fleets replied that they were satisfied to extremely satisfied (Figure 18 ). 
Electric Vehicle Performance Satisfaction
Additional Comments
The following additional comments were received from the fleets regarding their electric vehicles:
• My main complaint is that there were no service facilities in the local area. The truck would have to be transported over 130 miles one way to be serviced. The problem was that when it was repaired we had to go get it on a trailer and bring it back to Vancouver. The service situations were terrible 
PETROLEUM DISPLACEMENT AND EMISSIONS REDUCTIONS
In order to calculate the petroleum displaced (amount of gasoline consumption avoided), the Environmental Protection Agency's Fuel Economy Guide for model year 2000 was used (http://www.fueleconomy.gov/feg/FEG2000.htm). An average fuel economy of 18 mpg is assumed for calculating the petroleum displaced by the electric vehicles. The 18-mpg figure is based on vehicles equipped with 6-cylinder gasoline engines used in city driving, which is most typical for electric vehicle use. Therefore, based on the 700,545 estimated annual miles driven for the 220 vehicles, the estimated annual petroleum displaced would be 38,919 gallons of gasoline.
Definitively determining the air pollution benefits for the 220 electric vehicles is more difficult than determining the petroleum displacement benefits, because the emissions data for the older vehicles that the electric vehicles replaced is impossible to obtain, and the actual emissions on a per-vehicle basis depends on how well the vehicle is maintained and how it is driven. However, some very conservative assumptions allow for calculating the pounds of smog-forming emissions avoided by using the 220 electric vehicles. Data for currently available vehicles is again used, knowing that such technological advancements as catalytic converters, exhaust gas re-circulation, and electronic fuel controls have made today's vehicles cleaner than the vehicles replaced by the EPICs and Rangers. According to the EPA Green Vehicle Guide (http://www.epa.gov/greenvehicles/), today's minivans and pickups (similar to the EPIC and Ranger) emit about 31 pounds of smog-forming pollution per 15,000 miles. Given the 700,545 estimated annual miles driven by the 220 electric vehicles, their use reduced emissions at least 1,448 pounds annually.
CONCLUSIONS
• As evidenced by the fleet responses, the electric Rangers and EPICs were well liked, even though the Federal fleets had many problems operating the vehicles. The problems were likely caused by many factors, including actual physical problems with the vehicles and the charging infrastructures. However, other factors such as how the vehicles were operated, unrealistic or uninformed expectations, poor mission placements, and minimal training may have contributed to problems with the vehicles.
• The Federal fleets often did not receive sufficient training to understand how the electric vehicles differed from other vehicles. Electric vehicles will not operate when the batteries are "empty" just like a gasoline vehicle will not operate with an empty gasoline tank. Electric vehicles also require maintenance support like gasoline vehicles do, but this is often overlooked. It is accepted practice that fluid levels such as motor oil and radiator coolant must be periodically checked in a gasoline vehicle and the oil should be changed every 3,000 miles, while there appears to be a mindset that electric vehicles only have to be plugged in. Adequate maintenance must also be performed on electric vehicles on a regular basis for successful use. Based on some comments, the electric vehicles were sometimes located hundreds of miles from a service facility, which insures failure.
• The comments listed in the Recommending Electric Vehicles to Others section clearly indicate that the Federal fleets would recommend the electric vehicles to others, if the vehicles were placed in missions where distances matched the vehicles' capabilities. This is also true of gasoline vehicles, as small compacts are not expected to meet the demands of 8 or 10 passenger vans. Again, education must be adequate and expectations must be realistic to successfully place the electric vehicles. Electric vehicles will never replace all internal combustion vehicles in Federal fleets, but as seen at Luke Air Force Base, for instance, they can replace many of the vehicles when mission requirements and capabilities match. Luke is successfully using about 400 small electric vehicles in place of gasoline vehicles and reaping the benefits of petroleum reduction and reduced emissions.
• If full-size electric vehicles are again made available to Federal fleets, it is imperative that mission and vehicle capabilities be matched.
• There are many ways to judge the success or failure of the Incremental Funding Project:
− From a regulatory point of view, the Advanced Vehicle Testing Activity fully met the goal of supporting the deployment of electric vehicles in Federal fleets as required by Executive Order 13031. All available resources (funding) were used in a manner that maximized the number of vehicles deployed. Paying only half the incremental cost was enough of an incentive to the Federal fleets that all of the funding was used. If DOE had paid the full incremental costs, only one-half the number of vehicles (110) would have been deployed. − Given that approximately 1,000 Federal employees were able to extensively operate the electric vehicles, the objective of increasing the awareness of electric vehicles by Federal fleets was achieved. − Some supporters of the Incremental Funding Project thought this activity would "kick-start" the electric vehicle market. However, this was an unreasonable expectation, given that the 220 vehicles only equates to approximately 0.001% of annual automotive sales in the United States. Therefore, the success of this expectation will not even be addressed.
• Given the comments from some fleets regarding the distances some of the vehicles were from servicing centers, the vehicles should not have been located in remote locations. However, such a decision to the Federal fleets would have been difficult to enforce.
• Based on the responses to the questionnaire, the following overall conclusions can be reached:
− The fleets felt that the plugs used to connect the vehicles to the charging infrastructure was easy to use (Figure 2 ) though most fleets had problems with the charging infrastructure ( Figure  14) . − The vehicles were easy to use ( Figure 9 ) and had adequate payload (Figure 10 ). − The vehicle range was insufficient (Figure 11) , with most fleets reporting problems with the vehicles (Figure 12 ) even though the vehicle problems generally did not include on-road failures (Figure 15) . − While most of the fleets did not attempt to renew their vehicle leases (Figure 16) , it is not known if this was driven solely by dissatisfaction with the vehicles or prior knowledge that the manufacturers would not renew the leases. − While clearly acknowledging with their comments that there were problems with the vehicles, 65% of the fleets responded positively when asked if they would recommend electric vehicles to others and 59% of the fleets were at least satisfied with the vehicles (Figure 18 ). − Given that most of the 220 vehicles were/are being driven for a period of three years, the total petroleum-free miles driven will be approximately 2.1 million miles and the avoided gasoline use will total approximately 100,000 gallons for three years. In addition, based on an average of 4 trips per day (Figure 6 ), the Federal drivers made approximately one-quarter of a million petroleum-free trips each year in the 220 vehicles, avoiding a significant number of gasoline vehicle cold-starts.
